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Abstract 
Drought and salinity are major abiotic stresses which reduce agricultural productivity. In plants, 14-3-3s participate in the 
molecular networks of defense response and function in protecting plant cells from damages under adverse environment 
conditions. In the present study, a 14-3-3 gene from fruit of Pyrus pyrifolia driven by CaMV 35S promoter was 
transformed into tobacco (Nicotiana tabacum L. cv Xanthi), and overexpression of Pp14-3-3 improved drought and NaCl 
tolerance in T1 generation transgenic plants. Under drought and NaCl stresses, the Pp14-3-3 was largely expressed in T1 
transgenic tobacco lines. In addition, the T1 transgenic lines showed increased antioxidant activity according to the 
decreased malondialdehyde (MDA) content and slower superoxide anion production rate compared with WT. Moreover, 
as a component of plant antioxidant system, ascorbate peroxidase (APX) activity in T1 transgenic lines were evidently 
higher than that in WT. The results of present study suggested that Pp14-3-3 should be involved in reducing oxidative 
damage caused by drought and salt stresses. 
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1. Introduction 
With the rapid increase of the world population, it urgently needs to increase the yields of crop plants in 
order to meet the expanded demand of food production. However, It is noteworthy that crop plants often 
encounter a widely range of environment stresses, such as salinity and drought. Plants have evolved a series 
of complex mechanisms to cope with environmental stresses including molecular networks involved in stress 
recognition, information transmission, and activation of a series of resistance-related genes (Vinocur and 
Altman, 2005). The expression regulation of resistance-related genes leads to various kinds of biochemical 
and physiological changes in plants, such as activation of detoxification enzymes and clearance of reactive 
oxygen species (ROS) (Foolad, 2007).  
Many researches indicated that 14-3-3s participate in the molecular networks of defense response and 
function in protecting plant cells from damages under adverse environment conditions (Chen et al., 2006; 
Denison et al., 2011). The multi-gene family of plant 14-3-3s play important roles in regulating metabolism, 
growth and cell division, transcription, cell-cycle control, and stress responses, and they are proven to interact 
with the phosphorylated target proteins of 14-3-3, then the functions of the target proteins are modulated 
(Denison et al., 2011). Under each stressful condition of salinity, potassium and iron deficiencies, the 
expression level of a tomato (Solanum lycopersicum) 14-3-3 gene TFT7 was strongly increased (Xu and Shi, 
2006). Under stressful conditions, the 14-3-3 proteins take part in various signal transduction processes, and 
the known targets interacting with 14-3-3s are plasma membrane H+-ATPase, ion channels, ABA and 
ascorbate peroxidase (APX). As an important member of antioxidant system, APX functions in scavenging of 
ROS which cause oxidative damages in plant cells during stress, and the interaction of 14-3-3 isoforms with 
APX hinted the potential role of 14-3-3 in maintaining redox homeostasis when plants are threaten by stresses 
(Lukaszewicz et al., 2002). 
Pyrus pyrifolia Nakai cv Huobali, a sand pear specifically located in Chinese Yunnan province, showed 
high level of resistance to environment stresses. Previously, we isolated a novel 14-3-3 gene Pp14-3-3 
(GenBank accession no JF810599) from the fruit of ‘Huobali’, and the Pp14-3-3 cDNA was 1107 bp in length 
which included an open reading frame of 786bp and encoded a predicted polypeptide of 261 amino acids. 
What’s more, Pp14-3-3 was abundantly expressed in pericarps of ‘Huobali’ fruits, hinted that the Pp14-3-3 
could function in defense response under adverse conditions during the pear fruit development. In this paper, 
the plant overexpression construct carrying the Pp14-3-3 was constructed and introduced into the tobacco 
through Agrobacterium-mediated transformation, then the growth condition as well as the tolerance to 
oxidative damage under drought and NaCl stresses was analyzed among the T1 transgenic lines and 
nontransgenic plant. 
2. Materials and methods 
2.1. Plant materials 
Nicotiana tabacum L. cv Xanthi was transgenic acceptor in the present study, and the asepsis seedlings 
were cultured and used for genetic transformation. 
2.2. Construction of Pp14-3-3 overexpression vector for genetic transformation 
The ORF of Pp14-3-3 from pMD-18T-Pp14-3-3 was inserted into pCAMBIA2300s vector via BamHI and 
EcoRI restriction sites to generate a plant expression construct pCAMBIA2300s-Pp14-3-3 in the present 
study. Then the rightly constructed expression vector of Pp14-3-3 was screened out through transforming 
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Escherichia coli competent cells and PCR.  
2.3. Genetic transformation and screening of positive transgenic tobacco lines  
The A. tumefaciens strain LBA4404 containing the binary plasmid pCAMBIA2300s-Pp14-3-3 was 
obtained with electro-transformation, and the clones carrying the expression vectors were screened out 
through kanamycin selection and PCR. The method of genetic transformation of tobacco leaf discs was same 
as Horsch et al (2007), then the tobacco plantlets were regenerated from the leaf discs infected by A. 
tumefaciens. Subsequently, the regenerated plants were selected in the MS medium plates supplemented with 
kanamycin. Finally, the positive transgenic tobacco lines were obtained by PCR of genomic DNA with 
specific primers of Pp14-3-3 gene.  
2.4. Abiotic treatments 
A total of 3 T1 transgenic lines together with WT seedlings were transplanted to pots filled with humus 
and soil, and cultured in the Phytotron for 2 weeks. Then the cultures were placed in green house for 2 weeks. 
During this period, all the tobacco plants were supplemented Hoagland nutrient solution at 2-day intervals. 
The drought stress tolerance of T1 transgenic and WT plants were evaluated through withholding irrigation. 
After the soil water content decreased to 9%, the drought stress treatment was last for 7 days. To assess salt 
tolerance, all the tobacco plants were carefully watered by 500 mM NaCl solution for 7 days. After drought 
and NaCl stresses treatment, the growth conditions of the transgenic lines and WT was observed, and young 
leaves were collected and used in the following assays.  
2.5. Real time PCR 
The specific primers of Pp14-3-3 were designed with the software Primer Premier 5, and the sequence of 
forward and reverse primer was 5'-CGAGACAATCTGACACTCTGGACTTC-3' and 5'-
ACCCACATGCCATCTATTACAAAGG-3', respectively. A tobacco actin gene (AB158612.1) was included 
in Real time PCR as the internal control. The detailed protocol of Real time PCR was described in Liu et al 
(2012).   
2.6. Determination of physiological indicators and APX activity under stressful conditions 
In order to evaluate the difference of superoxide anion production rate between the Pp14-3-3 transgenic 
lines and WT under NaCl and drought stresses, a modified method of Wang and Luo (1990) was used. 
Approximately, 0.5 g leaves were grounded into powder with liquid nitrogen, then 1.5 mL 50 mmol L-1 
potassium phosphate buffer (pH7.0) was added and homogenized. The supernatant was obtained after 
centrifugation. The incubation mixture contained the supernatant 0.5 mL, 50 mmol L-1 phosphate buffer 
(pH7.0) 0.5 mL, 1 mmol L-1 hydroxy lamine hydrochloride 1mL, then incubation at 25 °C for 1 h. 
Subsequently, 17 mmol L-1 sulfanilic acid 1mL and 7 mmol L-1 alpha-naphthylamine 1mL were added. After 
incubation at 25 °C and colored for 20 min, the absorbance of 530 nm was measured. A standard curve was 
established with the method described in Wang and Luo (1990). The malondialdehyde (MDA) accumulation 
was determined with the method presented in Le Martret et al (2011), and enzyme activity of APX was 
obtained by monitoring the decline in absorbance at 240 nm in accordance with Nakano and Asada (1981). 
The MDA content, superoxide anion production rate, and APX activity were showed as mean and standard 
deviation, and the statistical analyses were performed with the SPSS software. The statistical differences 
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between nontransgenic plant and T1 transgenic lines were analyzed by Student's t test. 
3. Results and discussion 
3.1. Generation and screening of positive transgenic tobacco lines  
In this research, there were 41 tobacco lines with resistance to kanamycin generated from genetic 
transformation. The kanamycin-tolerant plants were analyzed by PCR to screen out the positive transformants. 
Finally, 24 lines contained the Pp14-3-3 gene were confirmed, and the integration of Pp14-3-3 into the 
genome of the tobacco lines indicated all the 24 lines were positive transformants. A total of 3 T1 transgenic 
tobacco lines, 3-5, 3-7 and 3-10, were chosen to be further studied in the following assays. In order to detect 
whether the Pp14-3-3 gene was expressed under normal and stressful conditions, the total RNA was isolated 
from the young leaves for real time PCR analysis. As a result, the Pp14-3-3 was highly expressed in the 
transgenic lines under normal and stressful conditions. The transcriptional level of Pp14-3-3 was slightly 
induced by drought and NaCl stresses. Doubtlessly, the Pp14-3-3 was overexpressed in the T1 generation 
plants. 
3.2. Overexpression of Pp14-3-3 increased drought and NaCl resistance in T1 transgenic tobacco lines  
After the drought stress treatment, the WT plant was markedly dehydrated and withered, while the T1 
transgenic plants showed a little of dehydration but no obvious wilting. As for the NaCl treatment, the WT 
was notablely etiolated and growth of plant was severely inhibited, by contraries, the Pp14-3-3 transgenic 
plants did not show evident chlorotic symptom. Obviously, the Pp14-3-3-overexpressing T1 transgenic 
tobacco lines showed higher level of resistance to drought and NaCl stresses than the WT. 
As one of the strongest ROS among the free radicals, superoxide anion can damage biomolecules, what is 
more, the MDA is formed as an end product of lipid peroxidation caused by ROS and other free radicals in 
membranes. Under normal condition, the superoxide anion production rate and MDA level were not 
significantly different among all the tobacco plants, nevertheless, the two physiological parameters of T1 
transgenic plants were much lower than WT under drought and salt stresses. Similarly, it had reported that a 
tomato 14-3-3 gene TFT7 was overexpressed in Arabidopsis, and transgenic lines showed evidently decreased 
H2O2 and MDA generations (Xu and Shi, 2007). Apparently, the oxidative damage caused by drought and 
NaCl was greatly decreased in the Pp14-3-3 overexpressing tobacco plants, and protection on membranes was 
evidenced through the reduction of MDA level in the Pp14-3-3 transgenic tobacco lines under abiotic stresses. 
During abiotic stresses, the interaction of 14-3-3 with APX is helpful in protecting plant cells from 
oxidative stress (Zhang et al., 1997; Lukaszewicz et al., 2002). APXs are widely located in most of chambers 
of plant cells and functions as enzymatic ROS scavenger (Smirnoff, 2005). In this study, the assay of APX 
activity indicated that APX in WT and Pp14-3-3 transgenic tobacco lines did not show significant difference 
during normal development. After stressed by drought and NaCl, APX activity increased in WT and 
transgenic lines, but the increase amplitude in the 3 T1 transgenic lines was greatly higher than that in the 
nontransgenic plant. Based on these data, there is no doubt that the overexpression of the Pp14-3-3 in tobacco 
up-regulated APX activity through this mechanism to scavenge of ROS and enhance tolerance to oxidative 
damage. 
In this paper, the overexpression of Pp14-3-3 from P. pyrifolia fruit in tobacco plants significantly 
enhanced the drought and salt tolerance. To be sure, the Pp14-3-3 gene was involved in defence response to 
drought and salt stresses and could be used to develop novel drought- and salt -tolerant cultivars in the future. 
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